ABSTRACT: Due to the lack of information concerning maximum rainfall equations for most locations in Mato Grosso do Sul State, the alternative for carrying out hydraulic work projects has been information from meteorological stations closest to the location in which the project is carried out. Alternative methods, such as 24 hours rain disaggregation method from rainfall data due to greater availability of stations and longer observations can work. Based on this approach, the objective of this study was to estimate maximum rainfall equations for Mato Grosso do Sul State by adjusting the 24 hours rain disaggregation method, depending on data obtained from rain gauge stations from Dourado and Campo Grande. For this purpose, data consisting of 105 rainfall stations were used, which are available in the ANA (Water Resources Management National Agency) database. Based on the results we concluded: the intense rainfall equations obtained by pluviogram analysis showed determination coefficient above 99%; and the performance of 24 hours rain disaggregation method was classified as excellent, based on relative average error WILMOTT concordance index (1982).
INTRODUCTION
Knowledge of the quantities characterizing a rainfall that relates the intensity, duration and frequency (IDF), also known as intense rainfalls equation, shows great technical interest in hydraulic structures projects, such as weir dimensioning, watercourse rectification, sewers, drainage systems, among others (PRUSKI et al., 2006; SANTOS et al., 2009) .
A research, performed under an agreement between the Sanitation Company of Minas Gerais (COPASA) and the Federal University of Viçosa (UFV), under the Support Foundation of UFV (FUNARBE), set theoretical models of probability distribution to the intense rainfall data for 193 rain gauge stations in Minas Gerais State and at boundaries between Bahia and Espírito Santo States. The adjusted parameters of intensity, duration and frequency equations showed high variability; thus, demonstrating the importance of obtaining intense rain equation for each location (FREITAS et al., 2001 ).
Due to the lack of information concerning intense rain equations for most Brazilian locations, an alternative to perform hydraulic structure projects has been using information from weather stations nearest the location in which the project is carried out. This procedure, however, can lead to unreliable estimates (PEREIRA et al., 2007; SILVA et al., 2003; SILVA et al., 2002) .
Some methods have been developed in Brazil to obtain shorter rains from daily rainfall records, due to existence of a vast rainfall network installed, mainly to serve power generation sector. The methods use multiplicative coefficients, among which the 24 hours rain disaggregation method stands out (CETESB, 1986; OLIVEIRA et al., 2008) .
Studies conducted based on annual pluviometric and rain gauge data series, observed simultaneously in São Paulo, showed that average rain heights, of one or two days, can be considered a fairly representative estimate of 24-hour-rainfall of same frequency. They also observed that regardless of return period, there is a constant relationship between 24-hour-rainfalls and one-day-rainfalls, whose value was 1.14 (PINTO et al., 1996) . GENOVEZ & ZUFFO (2000) , cited by SANTOS et al. (2009) , however, concluded that the methods based on the relationship among intense rainfall of different durations have regional validity. According to the authors, it is convenient to establish new coefficients that are related to local microclimates, for local estimates.
Besides the intense rainfall equation method, it is of fundamental importance to adjust methods that enable equation estimations from daily rainfall data due to greater availability of pluviometric stations and longer observations, so that maximum average rainfall intensity for locations out of rain gauge stations can estimated accurately. However, there are several works with direct application of alternative methods, such as FIETZ et al. (2010) ; FIETZ & COMUNELLO (2007) ; GARCIA OLIVEIRA et al. (2008); and SANTOS et al. (2009) .
Based on this approach, the objectives of this work were to obtain the maximum rainfall equations for the cities of Dourado and Campo Grande, located in Mato Grosso do Sul State. In addition, determine intensity, duration and frequency equations by fitting 24-hour rain disaggregation method into data obtained by Dourados and Campo Grande.
MATERIAL AND METHODS
We used the rainfall data from two weather stations available for Dourados-MS, one operated by Embrapa Western Agriculture and another by the Federal University of Grande Dourados (UFGD) in this work. For the region of Campo Grande a weather station belonging to the National Institute of Meteorology (INMET) was used. Table 1 shows the geographical coordinates of the stations and data collection periods. 1973-1985 1993-1998 2000-2009 The equation used to relate rainfall intensity, duration and frequency showed the form described by VILLELA & MATTOS (1975) .
The phase of the rainfall data acquisition started with the selection of pluviograms containing the most torrential rains by each year. Maximum annual rainfalls were determined for durations of 10, 30, 60, 120, 360 and 1440 min. By dividing the maximum rainfall heights with the corresponding duration, we obtained maximum annual rainfall intensity for each duration.
Annual maximum intensity series for each duration were adjusted to the Gumbel extreme value distribution. The distribution parameters were estimated by maximum likelihood method and data adherence to the theoretical distribution assessed by Kolmogorov-Smirnov test at 20% probability.
Using non-linear adjustment technique based on maximum annual rainfall intensity values, in return periods 2, 5, 10, 20, 50 and 100 years and the different studied durations, we obtained IDF equation parameters.
To compare the 24-hour rainfall disaggregation method with the pluviogram analysis method (standard method); primary the first method was used without changing multiplicative coefficients, as proposed by the Department of Electricity and Water / Basic Sanitation and Technology Center (DAEE / CETESB 1980), in the cities of Dourados and Campo Grande. This method adopts an average factor of 1.14 to convert maximum rainfall into 1 day, that is, from Gumbel distribution method into 24 hour-rainfall; for the remaining rainfall duration times, coefficients are employed according to the aforementioned method, allowing to generate enough points to define IDF equation related to different return periods.
Settings of probability distributions, such as completion of adhesion test, were made similarly to data obtained by pluviogram analysis method, as described by PEREIRA et al. (2007) .
Results obtained by intense rainfall equations adjusted by 24-hour rainfall disaggregation method were compared with those obtained by the pluviogram analysis. Method performance was evaluated by relative error and concordance index proposed by WILLMOTT (1981) . We also used performance analysis criterion proposed by CAMARGO & SENTELHAS (1997) .
For adjusting the 24-hour rainfall disaggregation, and therefore obtaining the relationship between rainfall heights by each duration, rainfall height values in different durations were divided by maximum 24-hour rainfall height. Therefore, coefficients, which allowed conversion of the local 24-hour rainfall height with durations of 10, 30, 60, 120, 360 and 1440 min, were obtained. Multiplicative coefficients representing each duration were obtained by geometric mean of the analyzed period.
Performance of alternative method adjustment was also assessed using relative mean error, concordance index (WILMOTT, 1982 ) and performance analysis model (CAMARGO e SENTELHAS, 1997).
After adjusting alternative method, we proceeded to implementation. Then, we selected historical data series of daily rainfall from pluviometric stations located in the State, which were obtained from Hydrological Information System of the National Water Agency (Hidroweb) (ANA, 2013) . Subsequently, data were subjected to a consistency analysis and locations whose series had less than 12 years of complete observations were eliminated, resulting in 105 pluviometric stations (Figure 1 ). FIGURE 1. Spatial distribution of rainfall stations used in the study, in Mato Grosso do Sul State, Brazil.
For each pluviometric station the historical series of maximum annual values were set by applying multiplicative coefficients adjusted for the 24-hour rainfall disaggregation method and, after the procedure described above, obtaining the IDF equations of rainfall for each pluviometric station.
For spatial distribution of rainfall intensity data expected in Mato Grosso do Sul, we used ArcGIS software with the inverse interpolation of power distance (IPD), considering a 20-year return period, with 30 and 1440 min durations. Although agricultural projects often make hydrological predictions with a 10-year return period (SCHWAB et al., 1966 , citado por PRUSKI, 2009 CRUCIANI, 1980) , in studies in Southern Minas Gerais, the most advisable return period to implement hydroagricultural projects was 20 years (EUCLYDES, 1987) . Figure 2 shows the frequency distribution of maximum annual rainfall observed and estimated using Gumbel model for Dourados-MS and Campo Grande, respectively. We might see that Gumbel distribution in the studied areas was adequate to estimate maximum rainfall, where there is good adhesion between observed and theoretical distribution.
RESULTS AND DISCUSSION
Once Gumbel model adherence was verified, maximum annual intensities for 10, 30, 60, 120, 360 and 1440 minutes were estimated, considering 2, 5, 10, 20, 50 and 100 year return period. Table 2 presents the IDF equations for Dourados-MS and Campo Grande-MS, which relates duration and return period with maximum rainfall intensity expected, their respective determination coefficients and period analyzed. Analyzing determination coefficient (r 2 ) in Table 2 , we observed that generated equations allow calculating maximum rainfall intensity at different durations and return periods, with great accuracy. 0.997 1973-1985 1993-1998 2000-2009 Table 3 presents maximum rainfall intensities for 10, 30, 60, 120, 360 and 1440 minute durations within return periods of 2, 5, 10, 20, 50 and 100 years; which were obtained through pluviogram analysis (standard method), 24-hour rainfall disaggregation as proposed by DAEE/CETESB (1980), and multiplicative coefficients of the 24-hour method adjustment. They were applied to evaluate rainfall disaggregation method performance compared with standard method by means of relative mean error (EMR) and concordance index proposed by WILMOTT (1982) .
The standard method achieved excellent performance with respect to Gumbel estimation, with average concordance index of 0.97 for Dourados, and amplitude from 0.94 (duration 1440 min) to 0.99 (durations of 10 and 30 min); and for Campo Grande, average of 0.99, and amplitude from 0.97 (duration 1440 min) to 0.99 (other durations).
The alternative method (proposed by DAEE/CETESB, 1980) compared with multiplicative coefficients adjusted according to standard method; we found better performance for adjusted coefficients in relation to alternative one. They reached an average concordance index of 0.93 for Dourados (amplitudes from 0.80 to 0.99, observed in 1440 and 120 min durations, respectively) and 0.96 for Campo Grande (amplitudes from 0.93 to 0.99, in 60 and 10 min durations, respectively). Table 4 lists multiplicative coefficients adjusted for application of the 24-hour rainfall disaggregation method to be practiced in Mato Grosso do Sul. The results obtained showed great performance based on relative mean error (RME), concordance index, and model performance analysis criterion (Table 3) . The 24-hour rainfall disaggregation method proposed by DAEE/CETESB (1980) resulted, in general, in an underestimation of maximum rainfall intensity for both locations, except for 1440 min duration, which showed a differentiated behavior. This fact provides less security for hydroagricultural projects but, on the other hand, it decreases cost on project implementation.
The adjusted coefficients were used to estimate equation parameters that relate intensity, duration and frequency for various locations in Mato Grosso do Sul State (Table 5 ). There was good adjustment of intense rainfalls equations, with r 2 values above 0.98.
We found a significant variation within the fitted equation parameters. K parameter presented a variation of 84.5%, ranging from 4905.22, in Ribas do Rio Pardo town (Code: 2153002), to 9048.45 in Cassilândia town (Code: 1951004) . A values showed a 133% variation, with values from 0.13 (Chapadão do Sul, Code: 1852002) to 0.31 (Cassilândia, Code: 1951004) .
Parameters b and c of the IDF adjusted equation presented the smallest variations, which were 3.6% and 1.7%, with amplitudes from 32.21 (Coxim, Code: 1855000) to 33.37 (Camapuã, Code: 1954006) , and from 1.05 (Ribas do Rio Pardo, Code: 2153002) to 1.07 (Camapuã, Code: 1954006) , respectively.
Parameters of rainfall intensity equation had great variability what highlights the need for local information attainment to perform studies and hydraulic projects. This fact shows that neighboring station use, for places that do not have the adjusted equation, interferes with the dimensioning safety and cost of projects (PEREIRA et al., 2007; SILVA et al., 2002; ) .
The results obtained with the spatial distribution of intense rainfall ( Figure 3) were made only for the 20-year-return period, with durations of 30 and 1440 min, because according to EUCLYDES (1987) , this period is the most recommended for hydro-agricultural project implementation. Thus, the longer the return period, the greater the values of maximum intensities found and, therefore, the greater the safety and cost of the project.
We observed lower values of maximum rainfall intensities in Eastern State analyzing Figure  3 , with increasing behavior towards Western direction reaching 290 mm h -1 (20-year-return period and 30-minute duration) and 10.6 mm h -1 (1440-minute). ARAI et al. (2012) identified this same characterization for a basin located in South-Central Mato Grosso do Sul State. The decrease in the values of annual maximum intensities with increase in rainfall duration is also evident in Figure 3 , which is typical for rains, since rainfall intensity tends to decrease with increased durations.
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FIGURE 3. Spatial distribution of maximum rainfall (mm h -1 ) for Mato Grosso do Sul State, with a 20-year return period, wherein: a) 30-min duration; and b) 1440-min duration.
CONCLUSIONS
Intense rainfall equations obtained through pluviogram analysis present great adjustments with determination coefficients above 99%;
The 24-hour rainfall disaggregation method with adjusted coefficients presented excellent performance when compared to pluviogram analysis;
The 24-hour rainfall disaggregation method with original coefficients tends to underestimate maximum rainfall intensities in Mato Grosso do Sul State, Brazil; and
